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ABSTRACT
The emergence of nanoscience and nanotechnology has been reckoned as the driving
force to the development of alternative materials for energy storage application. The
constant demand for high energy density, lighter, thinner lithium-ion battery has
motivated research into new battery materials. Carbon nanotubes are arrangements of
carbon atoms in the form of thin, hollow tubes. Their physical and chemical properties
have attracted much interest in recent years. In this present study, the main focus has
been devoted to synthesizing carbon nanotubes (CNTs) via spray pyrolysis method.
Natural palm oils has been used as carbon feedstock for this study. Several types of
transition metals catalyst namely nickel (Ni), cobalt (Co), iron (Fe) has been used for
synthesized of CNTs. Combination of bimetallic Ni/Co, Ni/Fe and Ni/Fe/Mn also has
been studied as catalyst sources. The synthesis temperature has been optimized between
700 DC and 900 DC. FE-SEM and HR-TEM study has been carried out to verify the
properties of as-obtained black powder from the synthesis process at different
parameters. The images showed that the powder obtained were multi-walled carbon
nanotubes. The diameter of as-prepared multi-walled carbon nanotubes ranging from 10
nm to 50 nm. XRD study also has been carried out to determine the phase presence in
the materials. Results reveal that the crystalline nature of carbon nanotubes greatly
affected by the different catalyst used and temperature control as well. In the second part
of this study, systematic investigation of carbon nanotubes as anode materials for lithium
batteries has been performed . Electrochemical charge-discharge studies of these
MWCNTs electrodes had a reversible lithium storage capacity of 100 - 400 mAh/g. It
has been observed that the crystallinity of MWCNTs have a direct influence on the
specific capacity of these MWCNTs electrodes. The kinetics of Li-ion insertion in
carbon nanotube electrodes also were characterized by cyclic voltametry measurements.
Cyclic voltammetry measurement of MWCNTs electrodes synthesized from palm oils
showed that this material exhibits reversible properties demonstrated by the presence of
a pair of redox peaks, corresponding to lithium insertion and extraction in the MWCNTs
structure.
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CHAPTER 1
INTRODUCTION
1.0 Background
Carbon is a well known material for centuries . Due to the possibilities of
formation of sp, Sp2 and Sp3 hybridized carbon, carbon exists in unique
topological diversities such as diamond , graphite , fullerene and carbon
nanotubes. Fullerenes and nanotubes were discovered only a few years ago.
Kroto et al. depicted the fullerenes in 1985. In 1991, Iijima described carbon
nanotub es (CNTs) for the first time. Over the past decade, CNTs have attracted
interest and intensive research from both academia and industries due to their
amazing and unique physical and chemical properties. CNTs are a long tubular
structure of graphitic lattice . Hence, to apply this unique material into wide use,
one of the main challenges is to develop an effective technology for low-cost
production of CNTs. In addition, the mass production of CNTs is important to
enable both fundamental studies and industrial processes.
To date, the promising applications of CNTs are demonstrated in hydrogen
storage, bio-sensors, field emitter of displays, nano-electronics devices and
lithium batteries [Baughman et al., 2002; Bethune et al., 1993; Dillon et al.,
1997; Claye et al., 1997]. Lithium batteries are state of the art power sources for
modern devices such as mobile computer, cellular phones and personal digital
assistant which offer high energy density, long life cycle and lightweight.
Lithium batteries have also been the forefront contender for application in
electrical vehicles (EVs). The electrochemical properties of lithium batteries are
determined by the properties of anode, cathode and the electrolytes. Due to its
